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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

METHOD AND ELECTROPLATING SOLUTION FOR PLATING 
ANTIMONY AND ANTIMONY ALLOY COATINGS 

BACKGROUN D AND FIELD OF THE INVENTION 
This invention relates to a new electroplating solution and method for plating 
tarnish-resistant, bluish-white antimony and antimony alloys. The antimony and antimony 
alloys have the appearance of decorative "hexavalent chrome" electro-deposited coatings. 

DESCRIPTION OF THE PRIOR ART 
Electrically deposited coatings are widely used to protect substrate articles in wear- 
inducing or corrosive environments, as decorative coatings, as tarnish- or corrosion-resistant 
coatings and for many other purposes. The substrate is conductive or has been rendered 
conductive by electroless plating or the like and is formed to the required shape and 
dimensions. An electrically deposited coating may be placed on the article prior to 
depositing an exterior coating or as an exterior coating. The electrically deposited coating 
is chosen to provide the required combination of strength, toughness, ductility, appearance 
and other properties and to protect the surface of the article against hostile environments, 
wear and the like. The coating must possess the desired properties and adhere well to the 
article. 
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One of the most widely used coatings is the nickel-chrome, where chrome refers to 
chrome coatings electroplated from a plating solution containing hexavalent chromium ions 
onto bright nickel. The hexavalent chrome coatings have a bluish-white, tamish-resistant 
appearance which is much desired for many applications. Most of the proposals to date have 
failed to provide electroplated coatings equivalent to electroplated hexavalent chrome 
coatings. 

The use of electroplated hexavalent chrome coatings has become a problem in recent 
years because of the serious environmental problems related to solutions containing 
hexavalent chrome ions. Hexavalent chrome ion-containing solutions are considered to be 
a toxic pollutant and extensive regulations have been developed to monitor their use and 
disposition. As a result, a continuing search has been directed to the development of 
substitute electroplating solutions which can be used to produce electroplated coatings 
equivalent to hexavalent chrome coatings in appearance and properties, but which do not 
utilize materials regarded as a toxic pollutant. 

Further, hexavalent chrome plating solutions are not suitable for use in barrel plating. 
Barrel plating requires that a number of relatively small, electrically conductive parts be 
placed in a barrel so that the parts are cathodic and tumble into and out of electrical contact 
with other parts contained in the barrel with at least one anodic surface. Since current 
interruption is detrimental to electroplating chrome from hexavalent chrome ion-containing 
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plating solutions, hexavalent chrome plating has not been considered suitable for use in 
barrel plating. 

Numerous plating techniques, solutions, and alloys have been considered in attempts 
to replace the widely used bluish-white hexavalent chrome coatings. The first choice was 
divalent chromium eletroplating solution, but the deposit obtained from this solution is dark 
because of the iron presence in the deposit The alloys created for this purpose did not 
provide the bluish non-tamishing white color, either. The most known alloys in this order 
are: "tin-nicker*; "tin-cobalt", U.S. Patent 3,966,564"; and "nickel-tungsten-boron", U.S. 
Patent 5,389,226. 

Since the hexavalent chrome coatings are considered to be extremely desirable 
because of their decorative appearance, their wear and abrasion properties, their tarnish- 
resistance and their other desirable properties, a continuing search has been directed to the 
development of electroplating techniques and materials which can produce electroplated 
coatings equivalent to hexavalent chrome coatings without the environmental problems 
associated with current hexavalent chrome ion-containing electroplating solutions. 

SUMMARY OF THE INVENTION 
It is now been found that coatings which have an appearance and tarnish-resistance 
virtually indistinguishable from hexavalent chrome coatings can be produced from an acidic 
aqueous electroplating solution for electroplating a metallic coating onto an electrically 
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conductive substrate, the coating comprising at least about 65 weight percent antimony, the 
solution containing from about 0.5 to about 120 g/I (grams per liter) of antimony, at least one 
acid in an amount sufficient to maintain the pH of the solution below about 6.0, a complexer 
and a wetter. 

The solution may also contain at least one other metal in an amount equal to from 
about 0.001 to about 2.0 molar (M) and may be used to produce alloys containing at least 
about 65 weight percent antimony and at least about 0.1 weight percent of the at least one 
other metal. 

The alloys may contain antimony and more than one other metal. 

The invention further comprises electrically conductive articles at least partially 
coated with a bluish-white, tarnish-resistant electroplated coating having the appearance of 
a hexavalent chrome coating and comprising one of antimony and antimony alloys with other 
metals. 

DESCRIPTION OF PREFERRED EMBODIMENTS 
This invention relates to the use of antimony as a single electrodeposited metal, or 
in an alloy with Ni (0.1 - 35% Ni metal) and other metals as a chrome substitute, to aqueous 
electrolytic baths from which the metallic deposits are obtained, to the process to form the 
deposits and to the deposits. The chrome electrodeposited from an aqueous solution where 
the chrome ion is hexavalent has a superior white bluish color and is called in the 
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electroplating industry "hexavalent chrome". As the restrictions from EPA, and the clean 
air act on the hexavalent chrome become more and more severe, countless alternatives were 
developed in attempts to match the desirable hexavalent chrome properties which are 
appearance, excellent adhesion, abrasion and tarnish- and corrosion-resistances. 

The first choice was the "trivalent chrome", which is chrome metal deposited from 
an aqueous solution where the chrome ion is in the trivalent form. The "trivalent chrome" 
meets all the "hexavalent chrome" requirements except the color, which is dark because of 
the presence of iron in the deposit. 

Many alloys were created to fulfill the hexavalent chrome specifications, like tin- 
nickel binary alloy in acidic bath. The tin-nickel alloy was used in the fifties in very acidic 
solution pH=0.5 and high fluoride content, the color of the deposit was red. The chemical 
composition of the bath was modified many times, the most recent modification was not red 
but still showed some pink variations. 

Other alloys like tin-cobalt binary or ternary alloys pH=l-3, U.S. Patent 3,966,564, 
and the nickel-tungsten, boron alloy pH=6-9, U.S. Patent 5,389,226, are major techniques 
actually used as chrome substitutes. The color of these alloys is yellowish-white and their 
properties are more nickel-like than chrome-like. 

All these alloys added the barrel application option to the classical chrome plating 
technology, but failed to match the bluish silvery color obtained from a hexavalent chrome 
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bath. This can be explained by the fact that the metals used in these alloys are yellowish- 
white in their elemental form. 

Antimony is a silver, bluish, tarnish-resistant metal in its elemental fonn. Before this 
invention, antimony was not used as a primary or a secondary metal in chrome substitute 
alloys. 

As elemental metal, antimony is a white, blue, silvery, non-tarnishing metal, but it 
is brittle. Antimony acidic solutions are used by immersion to coat steel with a black film 
prior to phosphate paint base coating. Few attempts have been made to electroplate 
antimony and none of them is considered to produce a coating comparable to hexavalent 
chrome coatings. 

According to the present invention, it has been found that bluish-white antimony 
electroplated deposits having the appearance of a hexavalent chrome coating and comprising 
at least about 65% antimony can be produced from an acidic, aqueous electroplating solution 
containing from about 0.5 to about 120 g/1 of antimony and at least one acid in an amount 
at least sufficient to maintain the pH of the solution below about 6.0, a complexer and a 
wetter. Antimony deposits containing as low as about 65 weight percent antimony may be 
produced, but deposits containing less than about 75 weight percent antimony may not have 
the appearance of a hexavalent chrome coating. The electroplating solution may also be used 
to produce alloys of antimony which retain the bluish-white color, tarnish-resistant properties 
and hexavalent chrome coating appearance of the antimony coatings. The alloys have 
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different properties with respect to their corrosion resistance and the like, dependent upon 
the alloy metal selected. 

Suitable acids are selected from the group consisting of hydrochloric acid, 
hydrofluoric acid, hydrobromic acid, hydriodic acid, fluoboric acid, sulfuric acid, nitric acid, 
acetic acid, phosphoric acid, citric acid, glycolic acid, succinic acid, lactic acid, salicylic 
acid, sulfamic acid, boric acid, tartaric acid, malic acid, maleic acid, propionic acid, gluconic 
acid, ascorbic acid, methacrylic acid and phenol sulfonic acid and the like. Preferred acids 
are hydrochloric acid, fluoboric acid, sulfamic acid, phosphoric acid, hydrobromic acid, 
hydriodic acid, hydrofluoric acid, mixtures thereof and the like. 

The complexer may be selected from the group consisting of alkyl amines, reaction 
products of alkyl amines with mineral or organic acids, quaternary ammonium salts, 
aryiamines, heterocyclic tertiary amines, amino acids, amides and other compounds 
including an amino nitrogen moiety and mixtures thereof. Preferred complexers are 
ethylenediamine, pyridine and pyridine derivatives, ethanolamines, glycine, valine, cysteine, 
urea, ammonia salts such as ammonium halides and mixtures thereof. 

The wetter is selected from the group consisting of ethoxylated alcohols, alkanol 
amines, alkanolamides, alcohol sulfates, ethoxylated alkyl phenols, ethoxylated fatty acids, 
alkylsulfonates, alkylsulfosuccinates, perfluoroalkylsulfonates, fatty acid ethoxylates, 
propylene oxide/ethylene oxide block copolymers, and mixtures thereof. Most surfactant 
materials suitable to achieve the desired surface tension adjustments may be used in the 
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solution. Preferred wetters are selected from the group consisting of nonylphenol 
ethoxylates, alkylsulfosuccinates, perfluoroalkylsulfonates, alkylsulfates and mixtures 
thereof. 

The solution may also optionally include a brightener which is selected from the 
group consisting of gelatin, cinnamic acid, benzoic acid, nicotinic acid, thiourea, 
polyacrylamides, thiocarbamides, catechol, saccharin, napthalene, trisulfonic acid, propargyl 
alcohol, butynediol, propoxylated acetylenic alcohol and mixtures thereof. Preferred 
brighteners are selected from the group consisting of benzoic acid, saccharin and nicotinic 
acid and their derivatives and mixtures thereof. A wide variety of brighteners may be used, 
as known to those skilled in the art, based upon their ability to produce smooth grained, level 
deposits and the like. 

The solution is desirably operated at a temperature from about 65 to about 140°F and 
preferably from about 80 to about 120°F. 

The pH of the solution is desirably below about 6.0 and preferably below about 4.0 
and is more preferably from 0 to about 2.5. 

Plating from the solution is desirably at an amperage from about 0.5 to about 300 
amps per square foot of surface area (ASF) of the articles to be coated. The current density 
is typically from about 1 to about 100 ASF and preferably from about 3 to about 50 ASF 
with articles which are racked as known to those skilled in the art and plated in a plating tank 
of a suitable size containing the electroplating solution. By contrast to hexavalent chrome 
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electroplating solutions which have poor throwing power, the electroplating solution of the 
present invention has excellent throwing power and enables the plating of parts with recessed 
areas and the like. 

When barrel plating is used, the current density is desirably from about 1 to about 30 
ASF and preferably from about 3 to about 20 ASF based upon the surface area of the parts 
plated. The electroplating solution of the present invention is suitable for use in barrel 
plating since it is relatively unaffected by current interruptions when plating. This enables 
the production of small articles such as fittings, bolts, nuts and other small parts which are 
suitably plated by barrel plating but which are difficulty plated by the usual racking 
techniques required for hexavalent chrome plating. Hexavalent chrome coatings cannot be 
plated in a barrel. Hexavalent chrome coatings require racking the parts to be plated which 
is a high expense requirement for small parts. 

The complexer, wetter and brightener are adjusted as well known to those skilled in 
the art by the use of actual plating tests to determine whether the electroplating solution 
contains a sufficient amount of these materials to have the desired throwing power, leveling 
power and the like, and the desired brightness, appearance and composition of the deposit, 
and the like. The current and operating temperature of the bath may affect the amount of 
complexer, brightener and wetter required. Typically, the brightener is present in the 
solution in an amount from about 0.1 mg/l to about 10 g/1. Typically, the complexer is 
present in the solution from about 0.0 1M to about 4M and preferably from about 0.1M to 
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about 1.5M. Similarly, the wetter is typically present in the solution in an amount equal to 
from about 0.05 to about 10 g/1. The quantity of the complexer, wetter and brightener may 
all be adjusted by fine tuning the performance of the bath by actual plating tests in test cells 
or by observation of the electroplated deposits with the bath in operation and adjusting the 
quantities of the complexer, wetter and optionally the brightener. As previously stated, the 
required quantities of these materials may vary substantially depending upon the current 
density used, the bath temperature, the pH of the bath, and the like. 

The bath may be used to plate antimony and alloys of antimony. The antimony 
alloys are deposits comprising at least about 65 weight percent antimony and at least about 
0.1 weight percent of at least one other metal selected from the group consisting of tin, 
nickel, iron, cobalt, zinc, indium, bismuth, lead, cadmium, palladium, titanium, vanadium, 
copper, molybdenum, tungsten, germanium and mixtures thereof. A plurality of other metals 
may be included in the alloy by including all of the metals to be included in the alloy in the 
plating solution. The metals, of course, are present in the plating solution in the form of ions 
resulting from the addition of the metals, preferably as salts of the acids in the solution, to 
the solution. In some instances, it may be possible to replenish the metal ions in the solution 
by the use of dissolving anodes but, in most instances, it is believed that it will be found 
preferable to use insoluble anodes and replace the metal ions by analysis and replenishment 
to maintain the composition of the bath. A wide variety of tarnish-resistant, bluish- white 
alloys having the appearance of hexavalent chrome coatings can be produced by the selection 
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of alloying metal or metals. Antimony alloys containing less than about 75 weight percent 
antimony may be less bluish-white than similar alloys containing more than 75 weight 
percent antimony, but such alloys are still tarnish-resistant and are useful in applications 
requiring tamish- and corrosion-resistance such as a replacement for cadmium plating and 
the like. 

The bath composition desirably comprises at least one acid of the groups listed above, 
antimony in an amount equal to from about 0.5 to about 120 g/1, a complexer and a wetter. 
The complexer and the wetters have been described above and composition ranges have been 
given for these materials. The acid is desirably present in the solution in an amount equal 
to at least 2 moles of acid per mole of antimony. 

Further, when alloys are plated, it is desirable that each of the alloy metals be present 
in the plating solution in an amount from about 0.001 to about 2M. The amount of antimony 
and the other metal are varied, depending upon the desired composition in the resulting alloy. 
Comparable current densities, times and temperatures to those used for depositing the 
antimony are used when plating the alloys. 

A particularly desirable alloy is an alloy of nickel and antimony with the nickel being 
present in the solution as divalent nickel and in the alloy in an amount up to about 35 weight 
percent of the alloy. These deposits have a bluish-white hexavalent chrome coating 
appearance, tarnish-resistance, and the like, which are virtually indistinguishable from 
hexavalent chrome plated coatings, short of chemical analysis. Many of the other metals 
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listed also produce deposits comparable to hexavalent chrome coatings. Desirably the alloys 
contain from about 65 to about 99.9 weight percent antimony and from about 0.1 to about 
35 weight percent nickel. 

The antimony/nickel alloys according to the present invention have desirable 
properties of appearance, hardness, wear resistance, corrosion resistance, resistance to acid 
atmospheres, ductility, tarnish-resistance and the like. These alloys are considered to be a 
fully acceptable replacement for hexavalent phrome electroplated deposits for decorative or 
protective coatings. It is considered that in all respects these alloys are a suitable 
replacement for hexavalent chrome plated coatings. 

The bath is desirably agitated either mechanically, with air or with an inert gas. The 
emissions from the bath must, of course, be controlled but are not considered to constitute 
an environmental pollutant of the toxicity of hexavalent chrome. 

The plating times may be varied as desired to deposit coatings of various thicknesses. 
Typically, hexavalent chrome deposit thicknesses vary from about 5 to about 50 x 10" 6 
inches, with more typical coating thicknesses being from about 20 to about 25 x 10~* inches. 
The coatings in this range, or thicker or thinner coatings, may be produced from the present 
solution by selection of a suitable plating time. Such variations are well known to those 
skilled in the art. 
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Representative electroplating solutions within the scope of the present invention are 
shown as follows. The plating amperages in ASF, plating time in minutes and solution 
temperatures during plating are shown. 

EXAMPLE 1 



Plating Antimony 



Antimony trioxide 


4.4 g/1 


Hydrochloric acid 


33.6 ml/L 


Ammonium Bifluoride 


11.52 g/1 


Amineperfluoroalkylsulfonate 


0.5 ml/L 


10 ASF, 1 min. 75°F 




EXAMPLE 2 


Plating Antimony/Zinc Alloy 


Antimony trioxide 


20 g/1 


Hydrochloric acid 


120 ml/L 


Zinc chloride 


30 g/1 


Ammonium bifluoride 


46 g/1 


Amino acid 


11.56 g/1 


Pyridinium propylsulfonate 


3.5 g/1 


Propylene oxide/ethylene oxide block 
copolymer 


0.5 g/1 


Ammonium benzoate 


1.33 g/1 


Plates at 30 ASF for 30 sec to 1 min. at 120°F. 
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EXAMPLE 3 



Plating Antimony and Nickel 


Antimony chloride 


10g/l 


Ammonium chloride 


60g/l 


Hydrochloric acid 


80ml/L 


Nickel chloride, hexahydrate 


200 g/1 


Diethylenetriamine 


3g/l 


L-Cystine hydrochloride 


ig/i. 


Sodinmalkyisulfosuccinate 


0.2 g/1 


Plates at 5 ASF, 3 min., 90°F 





The solutions shown are illustrative representative solutions within the scope of the 
present invention. 

Having thus described the present invention by reference to its preferred 
embodiments, it is respectfully pointed out that many variations. and modifications are 
possible within the scope of the present invention. Many such variations and modifications 
may be considered obvious and desirable by those skilled in the art based upon a review of 
the foregoing description of preferred embodiments. 
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CLAIMS 

I claim. 

1 . An acidic aqueous electroplating solution for electroplating a metallic coating 
onto an electrically conductive substrate, the coating comprising at least about 65 weight 
percent antimony, the solution containing from about 0.5 to about 120 g/1 of antimony, an 
acid in an amount at least sufficient to maintain the pH of the solution below about 6.0, a 
complexer and a wetter. 

2. The solution of claim 1 wherein the solution further contains a brightener. 

3. The solution of claim 2 wherein the brightener is selected from the group 
consisting of gelatin, cinnamic acid, benzoic acid, nicotinic acid, thiourea, poiyacrylamides, 
thiocarbamides, catechol, saccharin, napthalene, trisulfonic acid, propargyl alcohol, 
butynediol, propoxylated acetylenic alcohol and mixtures thereof. 

4. The solution of claim 3 wherein the brightener is selected from the group 
consisting of benzoic acid, saccharin, nicotinic acid, thiourea and their derivatives and 
mixtures thereof. 
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5. The solution of claim 1 wherein the acid is selected from the group consisting of 
hydrochloric acid, hydrofluoric acid, hydrobromic acid, hydriodic acid, fluoboric acid, 
sulfuric acid, acetic acid, phosphoric acid, citric acid, nitric acid, glycolic acid, succinic acid, 
lactic acid, salicylic acid, sulfamic acid, boric acid, tartaric acid, malic acid, maleic acid, 
propionic acid, gluconic acid, ascorbic acid, methacrylic acid and phenol sulfonic acid. 

6. The solution of claim 5 wherein the acid is selected from the group consisting of 
hydrochloric acid, fluoboric acid, sulfamic acid, phosphoric acid, hydrobromic acid, 
hydriodic acid and hydrofluoric acid. 

7. The solution of Claim 1 wherein the complexer is selected from the group 
consisting of alkylamines, and reaction products of alkylamines with mineral or organic 
acids, quaternary ammonium salts, aryiamines, heterocyclic tertiary amines, amino acids, 
amides, compounds including an amino nitrogen moiety, and mixtures thereof. 

8. The solution of claim 7 wherein the complexer is selected from the group 
consisting of ethylenediamine, pyridine and pyridine derivatives, ethanolamines, glycine, 
valine, cysteine, urea, ammonium salts and mixtures thereof. 
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9. The solution of Claim 1 wherein the coating comprises at least about 65 weight 
percent antimony and wherein the coating is bluish-white and tarnish resistant. 

10. The solution of Claim 1 wherein the wetter is selected from the group consisting 
of ethoxylated alcohols, alkanolamines, alkanolamides, alcohol sulfates, ethoxylated alkyi 
phenols, ethoxylated fatty acids, alkylsulfonates, alkylsulfosuccinates, perfluoroalkyl- 
sulfonates, fatty alcohol ethoxylates, propylene oxide/ethylene oxide block copolymers and 

5 mixtures thereof. 

11. The solution of Claim 10 where in the wetter is selected from the group 
consisting of nonyl phenol ethoxylates, alkylsulfosuccinates, perfluoroalkylsulfonates, 
alkylsulfate and mixtures thereof. 

12. The solution of Claim 1 wherein the acid is present in a molar ratio of 
acidrantimony equal to at least about 2:1 . 
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13. The solution of Claim 1 wherein the coating is a bluish-white alloy and contains 
at least about 65 weight percent antimony and at least about 0. 1 weight percent of at least one 
other metal and wherein the solution further contains each at least one other metal in an 
amount from about 0.001 to about 2M, the other metal being selected from the group 
consisting of tin, iron, nickel, cobalt, zinc, indium, bismuth, lead, cadmium, palladium, 
titanium, vanadium, copper, molybdenum, tungsten, germanium and mixtures thereof. 

14. The solution of Claim 13 wherein the other metal is nickel and wherein the 
nickel is present in the solution as divalent nickel and wherein the coating is a bluish-white, 
tarnish-resistant alloy coating having the appearance of a hexavalent chrome coating and 
containing from about 65 to about 99.9 weight percent antimony and from about 0. 1 to about 
35 weight percent nickel. 

15. The solution of Claim 13 wherein the coating is a bluish-white alloy and 
contains at least about 0.1 weight percent of each of at least two other metals and wherein 
the solution contains each of the other metals in an amount from about 0.001 to about 2M. 

16. The solution of Claim 1 wherein the pH is from about 0 to about 4. 
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1 7. A bluish-white, tarnish-resistant electroplated alloy comprising at least about 
65 weight percent antimony and at least about 0.1 weight percent of at least one other metal 
selected from the group consisting of tin, nickel, iron, cobalt, zinc, indium, bismuth, lead, 
cadmium, palladium, titanium, vanadium, copper, molybdenum, tungsten, germanium and 

5 mixtures thereof. 

1 8. The alloy of Claim 1 7 wherein the other metal is nickel. 

1 9. The alloy of Claim 1 7 wherein the nickel is present in an amount up to about 
35 weight percent of the alloy. 

20. The alloy of Claim 17 wherein the other metal is selected from the group 
consisting of nickel, zinc, cobalt, bismuth, titanium, tungsten and mixtures thereof. 

21. A bluish- white, tarnish-resistant electroplated coating comprising antimony. 

22. An article comprising an electrically conductive substrate at least partially 
covered with a bluish-white, tarnish-resistant electroplated coating comprising antimony. 
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23. The article of Claim 21 wherein the coating is an alloy coating and further 
comprises from about 0.1 to about 35 weight percent of a second metal selected from the 
group consisting of tin, nickel, cobalt, zinc, indium, bismuth, lead, cadmium, palladium, 
titanium, vanadium, copper, molybdenum, tungsten, germanium and mixtures thereof. 

24. The article of Claim 2 1 wherein the coating further comprises up to about 35 
weight percent of the coating of at least one metal selected from the group consisting of 
nickel, iron, zinc, cobalt, bismuth, titanium, tungsten and mixtures thereof. 

25. The article of Claim 21 wherein the coating further comprises nickel in an 
amount up to about 35 weight percent of the alloy. 
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